ITO thin films and gold (Au), copper (Cu) and nickel (Ni) intermediate ITO multilayer (ITO/Au/ITO, ITO/Cu/ITO, ITO/Ni/ITO) films were deposited on glass substrates with a reactive radio frequency and direct current magnetron sputtering system and then the effect of intermediate metal layer and annealing temperature on the methanol gas sensitivity of ITO films were investigated. Although both ITO and ITO/metal/ITO (IMI) film sensors have the same total thickness of 100 nm, IMI sensors have a sandwich structure of ITO 50 nm/metal 10 nm/ITO 40 nm. The change in the gas sensitivity of the film sensors caused by methanol gas ranging from 100 to 1000 ppm was measured at room temperature. The IAI film sensors showed the higher sensitivity than the other sensors. Finally, it is concluded that the ITO 50/Au 10/ITO 40 nm film sensors hasthe potential to be used as improved methanol gas sensor.
I. Introduction
Currently, thin film gas sensors for hazardousgases have attracted much attention due to growing environmental safety concerns. A number of semi-conductive oxides such as SnO 2 have been used for different gas sensors [1] .
Most of these gas sensors are based on a variation in resistance when the film sensors are exposed to target gases. Since most methanol gas sensors operate at relatively high temperatures, a heater is required [2] . However, integration of a heater in gas sensors not only increases the power consumption but also the complexity of the device. Thus, it is very desirable to decrease the operating temperature for viable gas sensors in industrial applications. annealing on the methanol gas sensitivity of the films were investigated with Cu-K X-ray diffraction (XRD), atomic force microscopy (AFM), four-point probes and gas sensing measurements, respectively.
II. Experiments
Deposition of ITO and Au, Cu, and Ni thin films was performed in a magnetron sputtering system that was equipped with two cathodes. radio frequency (RF) Journal of the Korean Vacuum Society 20(3), 2011 In this study, all gas sensing measurements were carried out at room temperature and the gas concentration was varied from 100 to 1,000 ppm. Ag electrodes (0.5 cm The schematic diagram of the static measurement set-up used to measure the gas sensitivity was reported in a previous report [3] .
III. Results and Discussion
It is well known that ITO films deposited by magnetron sputtering at low temperature are usually amorphous [4, 5] . Au. The crystallization of ITO by an Au under layer was described in a previous report [6] . . Fig. 4 shows the variation in the sensitivity(S) at room temperature as a function of methanol gas concentration. The sensitivity (S) of the sensors is evaluated as the change in electrical resistance (R gas) in the specified gas atmosphere with respect to its resistance (R air) in air and is determined using the follow- Table 2 . Comparison of the methanol sensitivity of IAI films after post deposition vacuum annealing at different temperatures. The gas concentration is kept constant at 1,000 ppm. Table 2 shows the variation in the sensitivity of the IAI films as a function of annealing temperature. In a previous study, the increased ITO and Au diffraction peak in a XRD pattern by annealing process were reported [9] already. Thus the increased sensitivity of IAI films in Table 2 
IV. Conclusions
The changes in sensitivity for methanol gas of Finally, it can be concluded that the ITO 50nm/Au 10 nm/ITO 40 nm film sensors have the potential to be used as improved methanol gas sensors.
